Purpose: To present the psychometric properties of the Problematic Experiences of Therapy Scale (the PETS), a brief measure to assess self-reported perceived barriers to adherence to physical rehabilitative therapy. Methods: Participants (study 1: n ¼ 128, study 2: n ¼ 227) taking part in trials of rehabilitative exercises completed the PETS and adherence questions at 12 weeks. Participants in study 2 were also asked about maintained adherence at 6-month follow-up. Results: Principal component analysis identified a four-factor structure relating to symptoms, uncertainty, doubts and practical problems. Cronbach's alphas ranged between 0.84 and 0.96 for study 1 and study 2. Correlations between factors varied, ranging between À0.22 and À0.53 for study 1, and 0.12 and 0.36 for study 2. Adherence was associated with all subscales at 12 weeks, and with the symptoms and doubts subscales at 6-months. Conclusions: The PETS is a valid and reliable measure that can be used to assess participants' perceived reasons for non-adherence to a home-based rehabilitative therapy. It can be easily incorporated into treatment trials and as subscales were associated with reported adherence and maintained adherence, it provides potentially valuable indicators of reported barriers to adherence or might be used in clinical practice to facilitate conversations about adherence.
Introduction
Adherence to treatment is a complex issue that has generated a great deal of attention and has been highlighted as one of the most serious problems facing medical practice [1, 2] . The consequences of non-adherence are considerable; it can affect the effectiveness and outcome of treatment, increase the amount of time spent with health care professionals and increase the financial cost of health care [3] .
Literature reviews show that the highest levels of nonadherence are most often reported for patients with chronic conditions and patients undergoing treatments that require maintenance of behavioral and lifestyle changes [4] [5] [6] .
Although non-adherence rates vary due to methodological and intervention factors [7] , in home-based interventions where patients are required to self-manage their rehabilitation program, non-adherence rates have been reported to be as high as 63%-70% [8] [9] [10] . It is therefore important to identify the specific barriers to adherence reported in the context of different interventions, so that future interventions and treatment programs can be created or adapted to address these aspects [11] [12] [13] [14] [15] .
One approach that has been advocated in attempting to improve self-management is a bottom-up, patient-centered approach [16, 17] . The patient-centered approach encourages clinicians to be guided by the patients' knowledge and experience, and address patient concerns in a continuing dialog [16, 18, 19] . Quality of life can be defined in many different ways, and patients may judge their quality of life using different definitions from clinicians. Treatment side-effects and other consequences of treatment may impinge on factors which patients value as quality of life [20, 21] . As such, patients' appraisal of their treatment experience may not be rational [22] and so may not necessarily be obvious to clinicians. Therefore, by taking a patient-centered approach to adherence, patients' views and reasons for nonadherence offer a valuable perspective to be taken into account alongside other perspectives [17, 23, 24] , such as those of the clinician and evidence-based factors identified within research and models of behavior change [25, 26] .
Validated scales exist that are based on a patient-centered, quantitative self-report approach to measure barriers to adherence to medication [27, 28] ; however, no validated measures exist to assess self-reported reasons for non-adherence to rehabilitation in a home-based setting. Measures do exist that assess the perspective of the health provider in relation to adherence [29] , participation [30] and engagement [31] with rehabilitation in a treatment-based setting. Few studies explicitly ask patients to report what they felt were the specific reasons for their non-adherence, and studies that do this typically employ qualitative methods [32] [33] [34] . One such study that employed quantitative methods to do this was carried out by Leijon and colleagues [14] , who followed up patients who did not adhere to their physical activity prescription. They asked participants to select one reason for their non-adherence from a list comprising sickness, pain, low motivation, lack of time, economic factors or another reason (but patients were not required to specify what this reason was). They found that low motivation was the most common reason for non-adherence to home-based activities, with older people being more likely to report sickness and pain, and younger people being more likely to report economic factors and lack of time. Whilst this study did explicitly ask the patients their perceived reasons for non-adherence, it is limited by its restriction to only one reason for non-adherence (those who gave more than one answer were excluded for providing an ''invalid'' answer), and also did not allow for a scaled response.
The decision not to adhere is most likely to be multi-factorial [5] . Patients may encounter a variety of barriers and weigh up the overall costs and benefits of continuing with therapy [35, 36] . There is also some evidence to suggest that non-adherence can be caused by the presence of one particular barrier during therapy that they were not able or willing to endure or overcome [37] . Measures of barriers to adherence are needed that take account of both possibilities.
The Problematic Experiences of Therapy Scale (PETS) is a brief quantitative measure that was developed based on clinical experience and research to reflect the most commonly reported reasons for discontinuing therapy given by patients undergoing self-managed home-based rehabilitation [9, [38] [39] [40] . Although the PETS has been reported to be associated with adherence [10] , the psychometric properties of the measure have not yet been published. Therefore, the aims of this paper were to use exploratory factor analysis to examine the structural and internal validity of the PETS, and examine whether the PETS was related to adherence and maintained the adherence.
Methods

Participants and procedures
Data were collected within the context of two randomized controlled trials of rehabilitation exercises for dizziness. The full details of the intervention and methods are reported with these trials (study 1: [41] ; study 2: [10] ).
Participants in study 1 (n ¼ 128) were instructed to carry out rehabilitation exercises for 12 weeks or until their symptoms ceased (if this was sooner), and completed questionnaires pre-and post-treatment. Participants completed the PETS as part of their 12-week post-treatment assessment, followed by questions about adherence. Ethical approval was given by the South East and South West Local Research Ethics Committees, and written informed consent was given by all participants.
Data in study 2 were collected from 227 participants who were instructed to carry out exercises for 12 weeks or until their symptoms ceased. Questionnaires were completed at baseline, post-treatment, and 6-month follow-up. Participants completed the PETS as part of their 12-week post-treatment assessment, followed by questions about adherence. A question about maintained adherence was included in the 6-month follow-up. Ethical approval was obtained from the Ethical Committee at the School of Psychology, University of Southampton, and written informed consent was given by all participants.
Measures
The PETS
The PETS (see the Appendix) asks respondents the extent to which they agree that they have been prevented from carrying out an intervention by plausible reasons. Questions are worded this way in order to directly assess perceived reasons for non-adherence, rather than correlates of non-adherence, i.e. instead of asking respondents if the therapy made their symptoms worse, the PETS asks if the therapy making their symptoms worse was a reason why they did not carry out the therapy. It was developed to be used immediately prior to questions on adherence levels in randomized controlled trials of home-based rehabilitation exercises for dizziness [10, 41, 42] . The scale comprises 12 items divided into four subscales: ''symptoms too severe or aggravated by therapy'' (items 1-3), ''uncertainty about how to carry out the treatment'' (items 4-5), ''doubts about treatment efficacy'' (items 6-8), and ''practical problems'' such as lack of time or opportunity, forgetting (items 9-12). All items are scored on a scale ranging from 1 (disagree strongly) to 5 (agree strongly).
The subscales can be calculated in two ways. The first is to add the relevant items together and divide by the number of items in that subscale. This method gives an indication of the cumulative quantity and magnitude of perceived barriers encountered during therapy. The second method is to recode the scores into binary categories. Participants who respond ''strongly disagree'' to all items in a subscale are recoded as ''no barriers'', and all other scores are recoded as ''some barriers or doubts''. This method reflects the assumption that only one reason, no matter how strongly felt, may be a sufficient threshold to reduce or prevent adherence. The analyses reported in this paper use the binary method. For an example of the cumulative scoring method, see the results reported in Yardley and Kirby [10] .
Adherence
This study classifies adherence in the same way as was reported in study 1 [41] and study 2 [10] . Participants were classified as demonstrating high adherence if they reported that they had carried out the exercises for at least 9 weeks or until they were no longer experiencing symptoms (if less than 9 weeks). Participants who reported that they had carried out the exercises for less than 9 weeks and were still experiencing symptoms were classified as low adherers.
Maintained adherence
In study 2, at 6-month follow up participants were asked if they had continued with the exercises after the 12-week period. Participants who answered yes to this question (irrespective of duration) were considered to have continued with the therapy.
Data analysis
Data were analyzed using IBM SPSS Statistics for Windows (version 19.0, IBM Corp., Armonk, NY). Principal component analysis was used to assess the factor structure of the PETS. The suitability of the data for principal component analysis was checked using the Kaiser-Meyer-Olkin test and Bartlett's test of sphericity. As we expected factors to be correlated, oblique (direct oblimin) rotation was used (delta ¼ 0). The number of factors to be retained was determined by three criteria: the a priori hypothesis that there would be four subscales, the scree plot, and the interpretability of the factor solution. Hypothesized factors were retained if eigenvalues were over 0.7 [43, 44] . Factors were interpreted by items with loadings greater than 0.55 [45] . Internal consistency of the PETS subscales was assessed using Cronbach's alpha.
The PETS subscales were recoded into binary categories (as described above in the measures section; due to non-normal distributions). For each of the PETS subscales, differences between adherers and non-adherers (study 1), and those who did and did not continue with the treatment (study 2) were calculated using Chi-square tests.
Results
Factor structure
Principal component analysis for study 1 showed that the data were best represented by a four-factor solution corresponding to the four hypothesized subscales. These four factors accounted for 84% of the variance. Table 1 shows that all items clearly loaded onto one factor each, with loadings of 0.67 or more on one factor and less than 0.10 on other factors. All factors had eigenvalues greater than 0.9. The component correlation matrix presented in Table 2 showed that the correlations between subscales ranged between À0.22 and À0.53. The correlation between the perceived barriers due to symptoms and practical problems subscales was the smallest, and the subscales concerned with perceived barriers due to uncertainty and practical problems were the most highly correlated.
The principal component analysis for study 2 (see Table 1 ) found that a clear four-factor solution emerged, accounting for 81% of the variance. All items loaded onto exactly the same factors reported in study 1. All factors had eigenvalues greater than 1, and all items had factor loadings of 0.60 or more on one factor and less than 0.11 on other factors. The correlations between the PETS subscales for study 2 are also presented in Table 2 and show a similar pattern of inter-correlations to study 1, although correlations were smaller in size ranging from 0.12 to 0.36 (the smallest correlation was between perceived barriers due to symptoms and uncertainty, and the largest was between perceived barriers due to uncertainty and doubts).
Internal consistency
All the PETS subscales in both study 1 and study 2 demonstrated good internal consistency. The Cronbach's alphas are presented in Table 1 and ranged from 0.84 to 0.96. Item analyses showed that all items were more highly correlated with their own subscale than other subscales.
Relation of the PETS to adherence and maintained adherence
In study 1, participants who reported some barriers or doubts during the treatment period relating to all PETS subscales also reported lower levels of adherence (i.e. participants who reported Items included in each factor are shown in bold. more barriers or doubts due to the PETS subscales were also more likely to report carrying out the exercises for less than 9 weeks and were still experiencing symptoms). For perceived barriers or doubts due to increased or aggravated symptoms, 39 (47%) of those who reported some barriers or doubts were low adherers, compared with 7 (14.6%) of those who strongly disagreed ( 2 ¼ 14.02, df ¼ 1, n ¼ 131, p50.001). For the uncertainty subscale, 25 (51%) of those who reported some barriers or doubts were low adherers, compared with 23 (26.4%) of those who strongly disagreed ( 2 ¼ 8.30, df ¼ 1, n ¼ 136, p50.01). For the doubts subscale, differences between the number of participants who were low adherers to treatment and reported some barriers or doubts, or strong disagreement was 32 (50%) and 14 (20%), respectively ( 2 ¼ 13.35, df ¼ 1, n ¼ 134, p50.001). Finally, for perceived barriers or doubts due to practical problems, 36 (42.9%) of those who reported some barriers or doubts were low adherers to treatment, compared with 13 (25%) of those who strongly disagreed (
In study 2, Yardley and Kirby [10] reported that all the PETS subscales could significantly differentiate between high and low adherers at the 12-week follow-up. In addition to this, participants who voluntarily continued with the treatment into the 6-month follow-up period (n ¼ 106, 47.5%) did not report any perceived barriers or doubts due to symptoms or doubts about treatment efficacy at 12 weeks (symptoms
, suggesting that these factors may be more relevant to the maintenance of treatment.
Discussion
A range of validated and widely used self-report scales exist for adherence to medication [36, 46, 47] , and clinic-based rehabilitation [29] ; however, no self-report adherence measures exist for use in home-based rehabilitation. This paper describes the factor structure and internal consistency of the PETS, a brief quantitative measure designed to assess perceived barriers to adherence by asking respondents the extent to which they agree that they had been prevented from carrying out an intervention by plausible reasons. Structural analysis confirmed the four hypothesized subscales which all demonstrated either excellent or good internal consistency. Inter-correlations between subscales were modest, suggesting that whilst subscales were related, they each represented different types of perceived barriers.
The PETS was able to distinguish between high and low adherers in both study 1 (using the binary scoring method, reported in this paper) and study 2 (using the cumulative scoring method; reported in Yardley and Kirby [10] , not reported in this paper). The PETS may also contribute to understanding factors relating to the maintenance of treatment adherence, as those who had voluntarily continued with their therapy at the 6-month follow-up in study 2 had reported less symptoms or doubts about treatment efficacy at 12 weeks.
Previous studies that elicit participants' perceived reasons for non-adherence have typically employed qualitative methods [32] [33] [34] . Although these in-depth methods are important for the understanding of the patient perspective, their findings cannot be easily integrated into statistical analyses of outcomes, and are more difficult to use in clinical practice [38] . The PETS could be used in clinical practice as a tool to facilitate conversations about adherence and identify areas in which the respondent may benefit from additional support or interventions to aid adherence. By assuming that patients will encounter difficulties in relation to specific rather than general issues, and by presenting such questions before asking patients about their actual adherence levels, a foundation is provided upon which a more open and honest disclosure and discussion about adherence can hopefully be based.
Limitations and future research
It is important to note that this paper and the PETS have several limitations. The PETS was initially developed based on clinical experience to be used in research trials immediately prior to selfreported adherence questions with the hope that it would reduce socially desirable responding. Therefore, although the item development was influenced by early literature and research [9, [38] [39] [40] , the items were not developed from a systematic review of literature or specific patient-based research carried out for that purpose. Therefore, the PETS may not capture all the factors relevant to perceived reasons for non-adherence. Further work is needed to identify and incorporate these factors using systematic methods. In addition, the hypothesis that use of the PETS before actual adherence questions would reduce socially desirable responding has not yet been tested and responses to the PETS may still be influenced by socially desirable responding. For example, participants may be reluctant to indicate that they did not understand what to do as they may feel that this implies that their therapist has not given satisfactory explanations. Another limitation of this paper with regards to the measurement of adherence, is that it is observational, since participants could only be allocated to groups (adherence versus non-adherence) based on their patterns of behavior -random allocation to these groups was not possible. It is also important to note that non-adherence is likely to be multi-factorial, many other factors have been reported to influence adherence and so may have been relevant to participants' patterns of behavior [4, 5, 15, [48] [49] [50] . Therefore, whilst this paper assesses the independent relationship between the PETS and adherence, we can make no claim that these effects will remain when all other potentially relevant factors are statistically adjusted for, and future studies are needed to control for these factors. It was also beyond the scope of this paper to assess the test-retest reliability of the PETS. It would be useful to measure responses to the PETS at repeated points during a therapy to see if perceived reasons for non-adherence are consistent or vary across time or different stages of therapy. Future research should also explore the relationship of the PETS to objective measures of adherence and other adherence outcomes, as well as other illness populations and intervention types in clinical practice.
Despite these limitations, the PETS represents a reliable and valid measure that can be used to assess participants' given reasons for non-adherence to home-based rehabilitative therapy. The relationship between perceived barriers to adherence and adherence itself is a complex one [28] ; however, our results suggest that the PETS may contribute some explanation as to the mechanism by which non-adherence occurs within the framework of a patient-centered approach.
